Virtual customer communities enable firms to establish distributed innovation models that involve varied customer roles in new product development. In this article I use a multitheorotic lens to examine the design of such virtual customer environments, focusing on four underlying theoretical themes (interaction pattern, knowledge creation, customer motivation, and virtual customer community-new product development team integration) and deriving their implications for virtual customer environment design. I offer propositions that relate specific virtual customer environment design elements to successful customer value creation, and thereby to new product development success.
The emergence of new information and communications technologies has initiated a radical transformation of customer-producer relationships in many industries, with important implications for new product development (NPD). New technologies, such as the internet, allow broad communities of interest (e.g., customers) to coalesce around specific products and services. Such online or virfuaJ customer communities (VCCs) could facilitate the deployment of distributed innovation models that involve varied customer roles in NPD (Holmstrom, 2001; Kambil, Friesen, & Sundaram, 1999; Prahalad & Ramaswamy, 2000) . Customers can be involved not only in generating ideas for new products but also in cocreating them with firms, in testing finished products, and in providing end user product support. In short, new technologies enable "a shift from a perspective of exploiting customer knowledge by the firm to a perspective of knowledge co-creation with the customers" (Sawhney & Prandelli, 2000: 31; emphasis added) .
Such knowledge creation tends to be deeply rooted in the social relationships that take hold ietween the various entities in the virtual com-I gratefully acknowledge North Carolina State University's Center for Innovation Management Studies (CIMS), which provided funding for this study through a research grant. I also thank the attendees of the AMR Theory Development Workshop in Toronto, associate editor Devereaux Jennings, and the anonymous AMR reviewers for their valuable comments on earlier versions of this article. munity, and, hence, customer interactions and customer roles in a VCC have to be viewed from the emerging sociological perspective on knowledge and value creation (Nahapiet & Ghoshal, 1998; Nonaka & Konno, 1998; Spender, 1996) . Still, success in leveraging knowledge depends on the systems and the processes that enhance the integrative capabilities of the firm (Kogut & Zander, 1992; Nadler & Tushman, 1997; Verona, 1999) . Thus, the design of VCCs for NPD requires the use of the knowledge-based view of the firm, along with some standard organizational perspectives, such as systems theory. In this article I propose a theoretical framework that relies primarily on the knowledge-based view but also on context and principles from systems theory and organizational design in order to inform the design and deployment of VCCs for NPD.
The development of new products is a challenging task. With the underlying knowledge base of most products becoming more diverse and dynamic, NPD teams are increasingly seeking out external resources to overcome the learning curves related to new technologies and nev^ markets (Holmes, 1999; Schilling & Hill, 1998) . The promise of cusfomer as an external resource for NPD has been recognized in theory and in practice for a long time (e.g., LeonardBarton, 1995; Rothwell, Freeman, & Townsend, 1974; von Hippel, 1988) . For example, customer involvement in NPD has been shown to enhance product concept effectiveness (i.e., productmarket fit [Brown & Eisenhardt, 1995] ). However, despite the rhetoric on customer involvement in NPD, customers have played a limited and largely passive role in the development of new products in most industries (Wayland & Cole, 1997) . Several reasons can be cited for the relatively weak utilization of this valuable resource in NPD, but perhaps the most limiting factor has been the poor connectivity between customers and producers. New technologies have the potential to greatly enhance the connectivity between customers and producers in a costeffective manner and to support new models of NPD that involve customers as partners of innovation. For example. Hallmark Inc., the maker of greeting cards, has established the Hallmark Knowledge Creation Community-an online forum consisting of lead retailers (i.e., its firstlevel customers)-to create new product designs (Kambil et al., 1999) .
In this article I take the initial steps to gain an understanding of the design of such technologybased VCCs for NPD by considering the underlying knowledge creation issues, as well as the nature of customer interactions and motivations in a computer-mediated and communityoriented environment. Specifically, I focus on three customer roles in NPD-resource, cocreator, and user-and identify four important themes that frame these customer-NPD roles in virtual environments: (1) customer interactions are computer mediated, (2) customers participate in knowledge creation, (3) customers have various motivations to participate in NPD, and (4) the VCC is an integral part of the NPD team.
To understand the implications of these themes for VCC design, I draw from work in various areas, including computer-mediated communication (CMC), organization theory, NPD, innovation management, information technology, and knowledge management. I generate a set of propositions that relate specific VCC design elements to successful customer value creation, and thereby to NPD success. Taken together, these propositions indicate that while the new technologies may represent a potentially powerful tool to engage customers in value cocreation, their effective deployment calls for careful consideration of the complex interplay between the technologies and the customer-NPD contexts.
I organize this article as follows. First, I examine the varied roles customers can play in product innovation and value creation. I then present, in the main body of the article, a theoretical model of customer-NPD roles in virtual environments. I conclude by identifying the salient theoretical and practical implications of the research model.
CUSTOMER ROLES IN NPD

Customers and Value Creation
The creation of economic value by organizations is a process that involves the innovative combination and exchange of multiple resources. In an insightful discussion about the gap between productive (or value creation) possibilities and productive opportunities, Moran and Ghoshal note that "it is not resources per se, but the ability to access, deploy, exchange, and combine them that lies at the heart of value creation" (1999: 409; emphasis added). New information technologies and innovative organizational practices enable firms to significantly enhance their social capital, and thereby their knowledge exchange and combinatorial capacity (Kogut & Zander, 1992; Nahapiet & Ghoshal, 1998) , and to establish new opportunities for value creation and value appropriation.
Here I focus on technology-based virtual environments that offer new avenues for firms to enhance their social capital vis-a-vis their relationships with customers and to facilitate value creation. The focus on customers is not meant to undermine the utility of such virtual environments to foster value creation by other external entities, such as suppliers and complementors; rather, it only serves to demonstrate the power and the potential of the new technologies to facilitate distributed innovation involving resources that are the farthest away from the firm.
Firms across industries (e.g., Cisco, Bang & Olufsen, Compaq, Fiat, Microsoft, 3Com) have started establishing VCCs where their customers can share knowledge or otherwise participate in various value creation activities, including NPD. The implementation of such online forums involves the deployment of a variety of technologies, including the internet, groupware, multimedia, streaming video, intelligent agents, virtual reality tools, and interactive sensory peripherals. Specific services provided can range from discussion and message boards, e-mail and mailing lists, and product/technology knowledge centers to web-based games, customer design forums, and virtual prototyping centers (Dahan & Hauser, 2000) . For example, groupware collaborative and messaging tools can empower customers to help one another (Kambil et al., 1999) , virtual reality tools enable firms to implement internet-based product concept testing using visual depiction and animation for both industrial and consumer products (Dahan & Srinivasan, 2000) , and new security tools enable firms to create "gated" communities with restricted access to those customers who are perceived as potential innovators and contributors (Kay, 1999; Sawhney & Prandelli, 2000) . In short, by combining various new technologies, firms can provide a range of online services to their customers that facilitate different types of partnering in product innovation and value creation.
In the strategic management literature and quality management literature, researchers have identified five roles for customers in value creation: resource, coproducer, buyer, user, and product (Finch, 1999; Gersuny & Rosengren, 1973; Kaulio, 1998; Lengnick-Hall, 1996) . The first two customer roles are at the upstream or input side of organizational activity, whereas the other three roles cluster at the downstream or output side of the system. Here I focus on the following three roles: customer as resource, customer as cocreator, and customer as user. The first relates to the customer as a source of innovation, the second relates to customer participation in product design and development, and the third relates to customer involvement in product testing and in product support.^ The two other rolesnamely, the customer as buyer and as productare less relevant to the NPD context, since the emphasis is on customers as objects rather than as agents of value transformation (LengnickHall, 1996) ; hence, I do not focus on them here. I use the term customer to include both current (established) as well as future (potential) customers, although their characteristics and the nature of their contributions to NPD may differ. In Table 1 I briefly examine the above roles and identify the key challenges in implementing them.
' I use the term user for the third customer role both to signify that the contributions (in product testing and product support) are directly related to product usage and to be consistent with usage in prior literature (e.g., Lengnick-Hall, 1996) , although all customer roles do originate from customers' experience as product users.
Customer As Resource
In the management literature the most thoroughly documented role of customer as resource has been that of supplying information and wealth to firms (Lengnick-Hall, 1996) . Here I limit the focus to customers as a source of new product ideas. Customers' role in idea generation or product conceptualization has been relatively well explored in the marketing literature and NPD literature (e.g., Christensen, 1997; LeonardBarton, 1995; Rothwell et al., 1974; von Hippel, 1988) . While some researchers have argued that customers need to play a pivotal role in the generation of new product ideas, others have argued equally fervently that involving customers in idea generation will simply lead to imitative, unimaginative products.
It is now relatively well established that the utility of customers as^ a resource varies with the maturity of the technology and the alignment of the product line with the current customer base (Christensen, 1997; Leonard-Barton, 1995) . When both the dimensions are high (continuous innovation), customers are an excellent source of innovation, whereas when both the dimensions are low (i.e., evolving technologies and emerging markets), the value of current customers as a resource is limited. However, even in those contexts where they are a promising resource, customers have played a largely passive role, with firms employing a range of structured inquiry mechanisms (market surveys, focus groups) to import customer knowledge. Customers rarely offer new product ideas without being prompted by firms; further, the use of structured inquiry mechanisms severely limits the richness and frequency of customer contributions. Also, logistical and economic considerations force firms to involve only a minority of customers, often unrepresentative of the diverse customer population (Wayland & Cole, 1997) . In certain industries (especially in technology sectors), lead customers (or lead users) have been portrayed as assuming more active roles as they, in the process of finding "solutions" to internal problems, generate new product ideas (von Hippel, 1988 ).
Organizations face three major challenges in using customers as a source of new product ideas. The first challenge relates to the selection of customer innovators and the establishment of ties with them; in the case of both consumer and industrial products, firms often find it difficult to (Leonard-Barton, 1995) . However, practical considerations, including the cost and the availability of suitable technologies, have so far limited such proactive and "natural" knowledge capture.
Customer As Cocreator
Customers also play a valuable role as cocreators of new products, in which their participation ranges from product design activities to product development activities. Schneider and Bowen (1995) identify several potential incentives for customers to be involved as cocreators and coproducers, including enhanced selfesteem because of increased control, more discretion and opportunities to make choices, and greater product customization. As cocreators of products, customers can contribute to a variety of product design and development activities, including the validation of product architectural choices, the design and prioritization of product features, the specification of product interface requirements, and the establishment of development process priorities and metrics.
The role of customer as cocreator is perhaps more evident in industrial products than in consumer products (Garvin, 1988) . For example, in the software industry, enterprise software developers like Microsoft and SAP often have representatives from customer organizations as members of their product development teams (Hoch, Roeding, & Lindner, 1999) . Similarly, Chaparral Steel (Chase & Garvin, 1989) and Cisco (Kambil et al., 1999) rely on customers to make design choices as members of product development teams. In the consumer sector also, customers have played the role of product cocreator-for example, by participating in concept testing (Page & Rosenbaum, 1992) , consumer idealized design (Ciccantelli & Magidson, 1993) , and component selection (Kambil et al., 1999) .
Despite the potential benefits that can be realized from customer cocreation, this process poses significant management challenges. First, customer involvement in product design and development is likely to increase the level of project uncertainty, and new mechanisms may be needed to monitor and control for development quality and efficiency (Lengnick-Hall, 1996) . Further, customers may abdicate their role as cocreators, thereby severely disrupting the development process. Second, to effectively play the role of cocreator, customers may need to possess higher levels of product/technology knowledge; thus, firms will have to invest in enhancing their technology awareness. Third, given the nature of their involvement, customer cocreators will need to be well integrated with internal NPD teams.
Compared to the role of customer as resource, customer-firm interactions tend to be much more intense and frequent during cocreation (Sawhney & Prandelli, 2000) , and mechanisms to support such interactions are costly and technology intensive. Therefore, cocreation activities must be carefully governed so that the benefits of customer contributions outweigh the costs of increased uncertainty in the system, as well as the costs of additional support mechanisms.
Customer As User
As primary recipients and users of goods and services, customers can create two valuable outcomes-in product testing and in product support. The role of customers in testing new products is not new. Prior studies have established the highly productive role customers can play in product and prototype testing (e.g., Dolan & Mathews, 1993; Nielsen, 1993) . Customers of both industrial and consumer products have participated in product testing. For example, in the software industry many firms have used their customers in beta product testing, enabling those firms to reduce their investments in internal product testing units (Cusumano & Yoffie, 1998) . Customer involvement in product testing enables firms to detect product flaws early in the development cycle and to minimize costly redesign and rework. Further, by involving a diverse set of customers in product testing, firms can gain a rich understanding of how the product would fare in a variety of user contexts.
As product users, customers are also uniquely qualified to provide product support for other users. Customers often acquire significant knowledge of or expertise on various aspects of product usage, which then becomes the basis for providing product support for peer users. The homophily (i.e., the degree to which pairs of individuals are alike in terms of certain attributes) between peer customers contributes to their effectiveness in understanding and appreciating the concerns of product users and their particular usage problems-a critical success factor in product support (Brown & Reingen, 1987; Kay, 1999) . Additionally, over a period of time, expert users may discover new ways of product usage, as well as shortcuts and other methods to enhance the overall value of the product.
However, few firms have engaged their customers in this capacity, although such a role is not new to many product users, especially in the technology sector. For example, expert users of popular software products such as MS-PowerPoint are often called upon to troubleshoot or provide support to other users within their own organizations. Similarly, users have played such a role outside their firms too (e.g., in productcentered user groups or communities [McWilliam, 2000] ). Such user groups have been in existence for majiy products (e.g., software, computers, automobiles, videogames) for a long time. However, they are mostly disparate groups and are restricted to specific geographical areas. Few firms have created formal forums for expert users to extend such a service to a wide-ranging set of peer users.
Two main challenges can be identified regarding the above two roles. First, in both cases, customer contributions can be limited by the high cost of providing facilities or mechanisms to structure and channel those customers' inputs. For example, customers' role as product support specialists calls for forums that can support rich interactions among customers. The second challenge relates to ensuring the involvement of a diverse set of customers. This is particularly true in the case of product testing, where firms are often forced to make tradeoffs between customer diversity and testing duration while devising their product testing strategy (Dolan & Mathews, 1993) .
Implementing the Customer-NPD Roles
In summary, although customers can carry out a wide range of roles in product development and support activities, implementing or realizing those roles requires new bonds of interdependencies and the establishment of increasingly complex social networks that cross traditional organizational boundaries (Gersuny & Rosengren, 1973; Sawhney & Prandelli, 2000) . As noted previously, these roles and the relations that are born out of playing them fuel the knowledge creation process. New communications and information technologies enable firms to create virtual environments that support the establishment of such social networks and rela-tionships and to address many of the above challenges.
However, despite the promise and the wide availability of these technologies, designing and building a VCC is a challenging task. First, understanding the management and the impact of the new relationships that would be established with customers requires the integration of important organizational and marketing perspectives (Goodman, Fichman, Lerch, & Snyder, 1995) , and such an understanding has to become the cornerstone of VCC design. Second, firms need to not only decide the specific roles they would like their customers to play in value creation but also to acknowledge and incorporate the underlying differences among those roles (in terms of interaction patterns, knowledge creation processes, motivations, and so forth) in VCC design. Third, a critical aspect of VCC design involves the identification of firm-level strategies that would guide not only value creation but also value appropriation and, more important, would reconcile the conditions or the requirements for each (Moran & Ghoshal, 1999) .
Thus, the design of a virtual customer environment is a task that has to be viewed from multiple theoretical perspectives, including management and organization, product development, marketing, and innovation. In the remainder of the article, I present a broad theoretical framework, drawn from several of the above domains, that relates specific customer-NPD roles to various design elements of the virtual customer environment. Figure 1 provides an overview of the model. It should be noted that the model described here is not tied to any particular technology and applies to any CMC (computer-mediated communications) system that involves organizations and their customers in a product innovation and value creation context.
A CONCEPTUAL MODEL OF CUSTOMER-NPD ROLES IN VIRTUAL ENVIRONMENTS VCC Design Themes
In prior studies researchers have adopted a knowledge creation perspective to study NPD and have linked different types of knowledge and knowledge creation to different product development contexts (e.g., Madhavan & Grover, 1998; Nonaka & Takeuchi, 1995) , although the specific design elements of the product development environment that ensue from such a perspective have received only limited attention. In the vast and varied literature on organizational design (e.g.. Daft, 2001; Galbraith, 1973; Miller, 1993; Nadler & Tushman, 1997; Sanchez & Mahoney, 1996) , however, researchers have discussed several design elements to support innovation in organizations (e.g., the type of intraorganizational and interorganizational linkages, integrator roles, the nature of incentive systems, organizational culture). Here I identify and expand on a set of design themes that build on this foundation and inform the knowledge creation environment in a VCC.
First, two aspects of VCC assume importance: (1) the social processes of customer interactions and (2) the cognitive processes that underlie customer knowledge creation. Thus, the first theme relates to the nature of customer interactions or communications and reflects the fact that all customer interactions in a VCC occur in a computer-mediated and community-oriented setting, and the pattern of customer interactions varies with the customer-NPD role. The second theme underlines the key activity in a VCCthat is, Jmowiedge creation-and relates to how the nature and the process of knowledge creation involved vary with the customer-NPD role and imply the need for different types of knowledge management mechanisms in a VCC.
A focus on the structure of the VCC in an NPD context shows the VCC as an integral part of the firm's extended product development team and offers two interesting design themes. Thus, the third theme relates to the composition of the extended product development team and, hence, to the mechanisms and the techniques used to identify and select virtual customers as partners in the value creation process. The fourth theme relates to the nature of integration of the VCC with the internal NPD team. It reflects the fact that different customer-NPD roles imply different types of ties or linkages of the virtual customer with the internal NPD team and, hence, varied types of integration and coordination mechanisms.
The fifth theme acknowledges the voluntary nature of customer involvement and highlights the importance of customer mofivafion (or disposition) to participate in product development. Customers have varied motivations to contribute to NPD, depending on the role they play in the process, and this implies the need to incor- porate a portfolio of incentive mechanisms in VCC design. The sixth theme relates to the motivations of the internal NPD team to embrace customers as product development partners and to respond positively to their value-creating actions, with implications for team practices and team culture.
The seventh and final design theme relates to the intellectual property rights of the knowledge output from a VCC and emphasizes the need to incorporate new mechanisms in a VCC to share the innovation-related economic rents with the customer community.
Some of the above theoretical themes do overlap to a certain extent, with regard to the design information they offer, but together they enable us to unravel the various relationships and interdependencies of the distributed innovation system represented by the VCC and to incorporate all the design elements needed to support them. Given the scope of this paper, however, I limit the discussion to four of the above themes that, arguably, have the most to inform VCC design. Specifically, I examine in detail the themes related to customer interactions or communications, customer knowledge creation, customer motivations, and VCC-NPD team integration. I expand on some of the other themes later, while discussing the theoretical implications.
Design Theme 1: Customer Interactions or Communications
The nature of customer communications assumes great significance as it reflects how accurately and comprehensively customers transmit and receive information from a variety of other participants in the system, including the firm and peer customers. Prior studies in the NPD area show us that the pattern of interaction between a firm and its customers varies with the roles customers play in the development process (Kaulio, 1998; Leonard-Barton, 1995) . The interaction pattern refers to the characteristics of customer communications, such as the nature of customer identity, social orientation, and temporal structure. I argue that organizations need to carefully examine the roles they would like their customers to play in NPD and to create virtual environments that facilitate fir support the interaction patterns associated with each role. The relevant theoretical domain from which to derive insights on this theme is the field of CMC.
CMC is an umbrella term that describes any form of interaction via the computer between users who are dispersed in space and/or time. For the past two decades or so, researchers have tried to understand how user interactions are shaped by the characteristics of the CMC. Early researchers in this area adopted a "social cues" perspective (e.g., Rutter, 1987; Sproull & Kiesler, 1986 , 1991 and focused on the lack of physical and social cues of the CMC environment, which implies impersonal and task-oriented interactions. Recent studies (DeSanctis & Poole, 1994; Fulk, 1993; Postmes, Spears, & Lea, 1998 Walther, 1996) however, have emphasized the social construction that occurs over time in a CMC environment, which, in turn, influences the nature of user interactions. Both of these theoretical approaches hold valuable insights on how factors such as the temporal structure and the nature of identity facilitated by the communications environment have profound implications on interaction outcomes. I draw on some of those insights to understand how a VCC can be designed to facilitate appropriate customer interaction patterns based on the customer-NPD roles. Specifically, I focus on the following design factors: temporal structure, task/social orientation, nature of identity, and degree of user control (Table 2) .
Customer-NPD roles vary in temporal structure as well as in the level of task/social orientation of customer interactions. In the initial three roles (i.e., as resource, cocreator, and product tester), customer interactions are often time structured or occur within specific time periods as product development activities are initiated and terminated by a firm. Further, they are also likely to be more task oriented than social oriented, given that much of the interactions tend to be between a firm and individual customers. Product support, however, is an ongoing activity and requires sensitivity to the users' problems that is gained from long-term customercustomer interactions. Thus, not only are the interactions relatively unstructured in terms of the time dimension but they are also likely to be more social oriented than task oriented.
Firms can reinforce both of these characteristics or otherwise influence them by incorporating appropriate design features. For example, CMC users are highly sensitive regarding whether or not to expect ongoing interaction with their partners. Evidence shows that antici- pation of future interaction is a potent predictor of several relational communication dimensions (Walther, 1994 (Walther, , 1997 . Expectations of long-term interaction lead CMC users to invest more in understanding other users' social cues and to enhance their overall community or social orientation. Further, anticipation also leads to greater adherence to norms and suppression of deviant behavior in nonmediated groups. In short, studies indicate that a perception that one's CMC interaction will be time limited seems to impel greater task orientation, and a perception that it will be continuous seems to impel more socially oriented interaction. Customers who play the role of a product support specialist have to perceive that their interactions are likely to be long term so that they will be inclined to invest more in the social dimension. For example, by maintaining records or a history of prior customer interactions, CMC users may gain positive perceptions regarding the permanence of the online forum (Kollock, 1996) . Similarly, "gated" customer communities may imply the feeling of exclusiveness and induce greater social interactions among users. However, customers' perceived task orientation could be enhanced by setting time limits for specific activities or by moderating the interactions and limiting the disclosure of personal information.
The nature of identity (anonymous, individual, social) assumed by CMC users depends, to an extent, on the nature of the task, and it evolves over time (Postmes et al., 2000; Walther, 1997) . In the initial three customer-NPD roles (i.e., as resource, cocreator, and product tester), both individual and social identities are likely to be salient. However, for interactions that are primarily between a firm and individual customers and that have a short-term focus (e.g., when firms invite product enhancement ideas and involve customers in product development with specific time frames), customers are disposed to perceive others not as comembers of a group but as autonomous agents of innovation; thus, individual identity, rather than social identity, assumes prominence. Yet, while playing the role of an expert user for product support, customers tend to perceive themselves first and foremost as members of a community of users. Thus, a social identity becomes more salient.
Although such a social identity is based on group norms and evolves over time (Postmes et al., 2000) , organizations can facilitate the creation and adoption of social identity through appropriate design choices. For example, the system may preclude customers from interacting in an anonymous fashion, or the interactions may be moderated to enforce certain basic rules. Similarly, facilities may be provided to publish or otherwise enhance members' awareness of specific group norms (Kollock, 1996) .
Finally, the degree of control that users perceive in a CMC environment is also likely to influence the nature of their participation in NPD. However, the relative importance of the perceived degree of control may vary with the customer-NPD role. User control in a CMC can be interpreted in several ways and, hence, can imply different design choices. For example, user control includes the freedom and the ability of the participants to seek and reveal information about their positions, attitudes, and regard for others through verbal, linguistic, and chronemic behaviors in CMC (Walther & Tidwell, 1995) . This relates to the mechanisms employed to moderate or otherwise control customer interactions. Similarly, restricted interaction times can create a sense of lack of control for CMC users. It has been found that when CMC allows participants to accumulate information and reduce uncertainty about their partners, it enhances the perceived user control. A third factor relates to the users' perceptions regarding the freedom to withdraw from specific interactions or activities without incurring any negative consequences. Given the intensity of involvement and the nature of interaction with peer customers, the degree of control is likely to be of importance to customers playing the role of product support specialist. A range of design features including interaction moderation, restricted access to forums, and the ability to maintain anonymity during interactions can be used to influence the users' perceived control of the VCC environment.
In summary, organizations should carefully consider the nature of customer interactions that underlie particular customer-NPD roles and should incorporate appropriate VCC design features. Such a strategy will enhance the potential for customer value creation, and thereby the success of the NPD efforts. It should also be noted that most of the above design factors (e.g., individual/social identity) are not necessarily dichotomies, but instead represent continuums along which the different customer-NPD roles fall. Thus, I cSffer the following set of propositions. 
Design Theme 2: Customer Knowledge Creation
From the product conceptualization phase to the product support phase, the creation of new knowledge can be viewed as the central theme of the NPD process (Leonard-Barton, 1995; Madhavan & Grover, 1998) . Customers are involved in generating different types of knowledge, both individually as well as in groups, depending on the type of role they play in product development and support. For example, new knowledge may be created by combining explicit knowledge (e.g., a customer identifies a product flaw during testing) or by converting tacit knowledge into explicit knowledge (e.g., a customer votes on a design feature). These differences in the nature of knowledge creation imply the need to incorporate a range of knowledge management facilities in the VCC. Here I draw on prior research on knowledge management to identify the relevant VCC design elements.
Two broad types of knowledge creation activities can be identified: JcnowJedge acquisition and knowledge conversion (Huber, 1991; Nambisan, Agarwal, & Tanniru, 1999; Nonaka & Takeuchi, 1995) . Knowledge acquisition relates to the set of activities associated with acquiring knowledge about a product or technology from different sources and distributing it to (or exchanging it with) other members of the commu-nity. Knowledge conversion relates to the set of activities associated with transforming knowledge from one type to another (e.g., converting factual knowledge about a product to experiential knowledge about its usage within a particular context). Organizations have to support both these activities in a VCC, although their relative importance and the nature of support vary with the particular customer-NPD role (Table 3) .
In an NPD context, customers are called upon to generate new knowledge by integrating their knowledge about existing products and/or technologies with their knowledge about a usage or application context. Organizations can enhance their customers' ability to participate in knowledge creation by increasing their awareness about a product/technology and its potential use, as well as about complementary products and technologies (Nambisan et al., 1999) . Such enhanced product/technology awareness will expand the boundaries of customers' cognitive processes and trigger innovative or creative ideas (Leonard-Barton, 1995) .
In a VCC, customers' knowledge acquisition can be effected in two ways: by the repository model and by the network model (Alavi, 2000) . In the repository model, explicit knowledge about products and technologies is situated in electronic files and documents, and facilities are provided for customers to search and retrieve information from them. For example. Specialized Bicycle Components Inc., a popular bicycle manufacturer, provides customers access to a searchable database that contains all customer product queries, as well as the comments provided by internal NPD teams. Further, to facilitate customers' access to and use of appropriate knowledge elements, filters may be deployed. Such knowledge filters may be based on the type of involvement (i.e., involvement filters [Sharda, Frankwick, & Turetken, 1999] ), since knowledge requirements of specific customer-NPD roles can be predetermined.
The network model, however, is predicated on providing access to knowledge that resides within individuals through establishing direct links among people. Systems to support such network models of knowledge acquisition involve knowledge directories or knowledge maps that contain pointers to the knowledge source (i.e., people)-not the knowledge itself. For example, Hoffman-LaRoche, a pharmaceutical company, has developed a corporate "yellow pagei" of people organized according to their knov^ledge of the key issues involved in the drug approval process (Ruggles, 1998) . Hypermedia technologies provide easy implementation of such network models in an NPD context.
In short, whereas the repository model emphasizes the repository-to-person mode of knowledge transfer, the network model involves the person-to-person mode of knowledge transfer. 
Examples of relevant VCC design features:
Online knowledge repositories Knowledge mapping tools and filters Listing of internal and external "experts" Individual and group/distributed cognition systems Product-related benefits: early product notice, product discounts, etc. Community-related benefits: community status/rewards, membership in gated community, etc. Medium-related benefits: interactive speed, browsing depth, navigational complexity, etc.
The second design aspect relates to the VCC features that facilitate knowledge conversion. Of the four types of knowledge conversion identified by Nonaka and Takeuchi (1995) , two types assume importance in a VCC context, given its focus on enabling the firm and its customers to create and share knowledge related to a product and its use: (1) conversion of explicit knowledge to explicit knowledge (combination) and (2) conversion of tacit knowledge to explicit knowledge (externalization). Customers may synthesize new knowledge (e.g., new product features) by combining multiple explicit knowledge elements. Nonaka and Konno (1998) describe a "cyber ba" as the place of interaction in a virtual world that supports combining explicit knowledge with explicit knowledge to generate new knowledge. Thus, firms need to provide tools that aid customers in viewing and mapping multiple knowledge elements in textual or graphic form. For example, multimedia technologies can enable customers to experiment with different design choices or to understand the impact of different product architectures or features on usage (Dahan & Hauser, 2000) .
Customer innovations that involve the conversion of tacit knowledge into explicit knowledge, however, underline the importance of the emerging notion of individual and distributed cognition systems (Leonard & Sensiper, 1998; Sharda et al., 1999) . For such innovations to occur, customers should be able to make multiple interpretations of a given product or technology, as well as exchange them with other customers or community members. A distributed cognition system supports such interpretation and dialogue among customers by providing richer forms of self-reflection and communication. This relates to the "interacting ba" described by Nonaka and Konno (1998) , where individuals share mental models but also reflect and analyze their own. Such processes can lead to innovative outcomes that spring from the combined tacit knowledge base of the customer community.
In a VCC, information technology can be deployed to support individual and distributed cognition in several ways. The important design elements of such IT-supported cognition systems include the provision of a hypertext-like structure that allows users to create multiple interpretations of the same situation, the ability to own and "travel" from one interpretation to another, and the facility to express one's understandings in varied forms (e.g., text, graphics [Boland, Tenkasi, & Te'eni, 1994] ). Similarly, visual interactive modeling tools also can be used to enable customers to capture their subjective likes and dislikes and to make richer representations of their product interpretations (Belton & Elder, 1994) . The "information pump" (Dahan & Hauser, 2000) is an example of such a distributed cognition system; it uses the form of a webbased game to allow customers to create and exchange their interpretations of new product concepts, and thereby enables the firm to unravel hidden customer perceptions and opinions about a product and its features.
As noted earlier, the nature of knowledge acquisition and conversion varies with customer-NPD role. For example, in the first three roles (i.e., as resource, cocreator, and product tester), a repository model of knowledge acquisition assumes high importance, given the customers' focus on acquiring factual knowledge about a product or technology. In the product support role, while both repository and network models are important, the network model has more significance, given the focus on customer-customer interactions as the primary mechanism for knowledge acquisition.
Similarly, it may be argued that in the initial two customer-NPD roles (i.e., as resource and as cocreator), there is significant focus on capturing customers' tacit knowledge about a product and the application context and making such knowledge explicit so that it can be used by the internal NPD team. Hence, there is greater relevance for VCC features related to individual and distributed cognition systems, although features related to knowledge combination may also assume importance in particular contexts. In product support, much of the customer interactions involve usage-related problem solving, and a vast majority of such problem solving requires knowledge creation through the combination of explicit knowledge.
In summary, given the varied types of knowledge creation and their relative importance in the different customer-NPD roles, organizations have to carefully choose design elements so as to provide the appropriate level of support for the underlying cognitive processes, and thereby enhance the potential for customer value creation and NPD success. 
Design Theme 3: Customer Motivations
Customer participation in product development and support is almost always a voluntary effort. Previously, researchers explored customers' disposition to participate in value creation and production of services (Bateson, 1983; Bowen, 1986; Larsson & Bowen, 1989 ). The quality of customers' contributions to the NPD process is likely to be shaped by the customers' perceptions regarding the benefits-tangible or intangible-they will realize from it. Hence, the identification and careful analysis of those benefits could provide valuable insights on how firms can enhance customers' commitment and disposition to participate in value creation through the incorporation of appropriate VCC design elements.
I identify three types of benefits that customers can realize by participating in NPD: producfor service-related benefits, community-related benefits, and medium-related benefits. Although product-related benefits traditionally have been the primary driver for customer involvement in value creation (Wayland & Cole, 1997) , in a VCC, social or community-related benefits (i.e., the benefits due from membership in the customer coramunity), as well as medium-related benefits (i.e., the benefits that customers may derive from their interactions with the online environment or technologies) also assume importance.
Several sources of product-or service-related benefits (tangible and intangible) have been identified in the literature. Intangible benefits are those that customers can realize by enhancing the quality of the product through their direct participation in NPD. From an agency theory perspective, customers' motivation may stem from their feeling that their active involvement is necessary to guarantee product or service quality (Mills, 1986) . Thus, by participating in the design or production of a product/service, the customer principal can monitor the service agent's fulfillment of the service contract (Larsson & Bowen, 1989) . Customers may also feel that by participating in product development they can lobby and influence the firm to incorporate certain product features that are highly valuable in the customers' application context. This has often been evidenced in the enterprise software product market, where customers from a particular industry (e.g., automobile) may actively contribute to product development efforts in order to ensure that their peculiar needs are met by the new product (Hoch et al., 1999) .
Another product-related benefit is the knowledge customers gain from their participation in product development and support (Thomas & Dunn, 1994) . Often, customer involvement enhances customers' knowledge about the product, as well as about the underlying technologies, which, in turn, enables them to use the product in a much more comprehensive manner, thereby increasing the potential benefits from product usage.
Finally, customers may also participate in product development and support because they find that doing so is intrinsically attractive and that it satisfies both their creative urges and their product/technology-related curiosity (Bateson, 1983) . Organizations can incorporate a range of design features or mechanisms in their VCC to amplify customers' perceptions that their product-related benefits have increased beccruse of their direct involvement in NPD. For example, firms may give high visibility to the specific contributions made by customers, along with high visibility to the incremental benefits that users will realize in terms of product features or quality. Similarly, firms may provide customer innovators early information on new product versions, invite them to local product demonstrations, or provide free/discounted resources for product deployment-activities that enhance the overall product-related experience of the customer.
The second type of benefit originates from the community of product users the customers belong to. Participation through online networks enables customers to clearly perceive themselves as members of a community, and, hence, any benefits that might be derived from such membership assume importance. The discussion groups and newsgroups provided in virtual environments are much more than just forums to clarify product-related issues; customers also develop strong social identities as well as interpersonal relationships from their online interactions (Kollock, 1999; McWilliam, 2000; Prahalad & Ramaswamy, 2000) .
Such social relationships provide a range of benefits to the customer. First, they provide a sense of belonging and identity shaped not only by product usage but also by other group norms that may develop in the network over time. The community forum also allows customers to discharge their "generalized reciprocity" obligations (Ekeh, 1974) by engaging in altruistic actions, such as sharing innovative and valuecreating ideas with others (Kollock, 1999) . Customers often also use such virtual environments to discuss non-product-related issues; thus, the community may be perceived as an avenue for solving other business or nonbusiness problems. Finally, customer contributions may be recognized not only by the focal firm but also by peer customers or product users. This may be in the form of a special community status or position that satisfies customers' desire for peer recognition, as well as their "status seeking" within the community. As Oliver (1999) notes, in the limiting case, the consumable is no longer the product/service but, rather, the camaraderie provided by the social organization (in this case, the VCC).
Firms can devise various mechanisms to enhance perceived community-related benefits. For instance, they can establish mechanisms for community members to recognize and reward other members for their contributions through special titles, status, and so forth. Microsoft, for example, has implemented the "MVP program," wherein customers who play the role of product support specialists earn their MVP (most valued professional) title by being nominated by peers and Microsoft engineers who witness their consistent and accurate technical answers in response to customer queries posted on the online customer community forum. Another type of mechanism involves the creation of gated communities, to which admission is by invitation only (Kay, 1999; Sawhney & Prandelli, 2000) . Customers may perceive membership in such exclusive communities itself as a reward for their contributions.
The third type of benefit relates to the positive customer experience provided by the communication medium (i.e., the virtual customer environment) itself. By creating a compelling online environment where customers can interact and explore knowledge about the product and its development, organizations can provide optimal online experiences that are extremely gratifying and that lead to more intense participation in NPD.
Recently, Hoffman and her associates (Hoffman & Novak, 1996; Novak, Hoffman, & Yung, 2000) , based on prior work by Csikszentmihalyi (1977 Csikszentmihalyi ( , 1990 , used the flow construct to define and measure the degree to which online experience can be compelling to users of CMC environments. They describe flow as a cognitive state experienced during navigation of the online environment and characterized by "a seamless sequence of responses facilitated by machine interactivity, intrinsically enjoyable, accompanied by a loss of self-consciousness, and selfreinforcing" (Novak et al., 2000: 23) . The underlying thesis is that customers interact not only with the focal firm and other customers but also with the virtual environment itself.
More important, the flow construct does not merely reflect a "hygiene factor" in the design of the online environment (i.e., whose value below a threshold level would indicate a hindrance to customer participation) but, instead, represents a positive opportunity for a firm to keep its customers "deeply involved, motivated, and highly focused on the activity or experience" (Csikszentmihalyi, 1990 ). This implies that VCC designers should consider factors that enhance the customers' flow. Some of tbe flow-related design elements identified in tbe literature include interactive speed, extent of navigational challenge and arousal, and browsing depth (Novak et al., 2000) . While confirmatory studies on the impact of such design elements are few, the notion that customers who experience flow achieve increased perceived behavioral control, increased exploratory and participatory behavior, and positive subjective experiences (Csikszentmihaiyi, 1977; Webster, Trevino, & Ryan 1993 ) is very appealing and relevant to the NPD context, and it implies the need to focus on such elements during VCC design.
The relative importance of the above three types of benefits varies with customer-NPD roles; thus, firms should carefully incorporate appropriate design elements based on particular customer-NPD roles (Table 3) . I contend that given the nature of contributions and the nature of interactions, product-related benefits are of importance to the initial three customer-NPD roles (i.e., as resource, cocreator, and product tester), while for a customer involved in product support, community-related benefits are of great importance. Similarly, the first two roles (i.e.] as resource and as cocreator) call for the customer innovator to undertake extensive navigation and exploration of the virtual environment in the process of knowledge acquisition and creation, which enhances the significance of the flow-related constructs. Thus, I offer the following propositions. 
Design Theme 4: VCC-NPD Team Integration
VCCs enable a firm to bring its customers inside the organization's fold and transform them into "employees" or part of the extended product development team. However, such distributed innovation, facilitated by VCCs, is likely to be more chaotic than innovation within a firm's boundaries, and it calls for "appropriate governance mechanisms that strike a balance between order and chaos" (Sawhney & Prandelli, 2000: 24) . Thus, the design of a VCC should address how the customer community will be integrated with the firm. Here I focus on design elements related to the structural and processual integration of a VCC with the internal NPD team, (Table 4) .
Firms need to structure their product development environment such that a fine balance is achieved between the overall flexibility (needed to absorb customer contributions) and the focus and direction (needed to ensure product development effectiveness). An important design element relates to the creation of new roies or positions to ensure that the linkages between the internal NPD team and the online customer community are formally established and maintained and that customer contributions are channeled to appropriate members within the organization. However, the degree of coupling to be exercised between the VCC and the NPD team, as well as the nature of the tasks to be carried out by such a new position, varies with customer-NPD roles. A higher degree of coupling between the internal NPD team and the VCC is needed for time-critical tasks. Thus, the customers' role as cocreators and product testers may require a higher degree of coupling relative to the other two roles. A higher degree of coupling translates to not only more responsive communication facilities but also more direct linkages between the two entities. The specific tasks to be carried out by the new integrator role also depend on customer-NPD roles. Studies show that having too much customer input during the product conceptualization and design phases can be detrimental and can lower NPD effectiveness (Datar, Jordan, Kekre, & Srinivisan, 1996) . Thus, in the case of the initial three customer-NPD roles (i.e., as resource, cocreator, and product tester), the key tasks of the integrator would be to filter the information that flowed between the two boundaries and to provide clear focus and direction to customer contributions. However, in the case of the customers' role in product support, the integrator's primary task would be to facilitate and nurture customer community interactions so as to ensure a positive environment for customers to assist each other and to enable the development of a social identity that would bond the community together.
High levels of structural integration (achieved through such linkages and new roles) do not necessarily equate to high levels of collaboration (Jassawalla & Sashittal, 1998) ; instead, firms also need to focus on managing a range of process-related factors that enhance overall trust and openness. The first design element relates to tiansparency. Transparency indicates a condition of high awareness and openness achieved as a result of intense communication and exchange of information, both of which make the role expectations of the participants, as well as the internal workings of the development processes, explicit (Dougherty, 1992; Jassawalla & Sashittal, 1998) . Thus, both role and process transparency are relevant here. It is essential for customers to clearly understand the specific role they will play in the NPD process, as well as how their inputs will be processed, by whom, and at what point in time. Uncertainty in the roles and the processes may have many undesirable outcomes. It may affect the quality of customer contributions; more important, customers' lack of awareness about how their inputs will be processed may lead to customer dissatisfaction (Barnard & Wallace, 1995; Thomas & Dunn, 1994) . Firms can enhance both role and process transparency in a VCC through a variety of means, including the posting of role definitions and expectations, animated views of the NPD process, frequent process updates, and the creation of special forums for internal NPD teams to respond directly to each customer input.
The second design element relates to the mindfulness (Dougherty, 1992) or the cognitive compatibility between the customer community and the internal NPD team (Sawhney & Pran-delli, 2000) . To achieve higher levels of collaboration in NPD, the different actors should possess common mental models regarding the goals and agendas, development priorities, process constraints, and assumptions (Jassawalla & Sashittal, 1998; Madhavan & Grover, 1998) . Such a common foundation is critical for focusing customer efforts and for minimizing the level of noise in the virtual environment, and it can be achieved by frequent and explicit sharing of relevant process and project information with the VCC.
Thus, while the VCC is a promising means of value cocreation, firms have to adopt explicit measures to integrate it with the internal NPD teams in an effective fashion. Such measures may range from structural to processual and should be incorporated based on the particular customer-NPD roles. I offer the following propositions. 
DISCUSSION AND IMPLICATIONS
Customer involvement in NPD has a relatively long history; however, the creation of a virtual customer environment, with the potential to revolutionize the customer-producer dialogue as well as the nature of customer value creation, poses several new and challenging research issues. In this concluding section I discuss the major theoretical and practical implications of the model.
Theoretical Implications
From a research perspective, this article sets a broad agenda for future research that involves using a wide theoretical canvas to depict the underpinning design and deployment issues of virtual customer environments in an NPD context. Some of the important research questions that ensue from the discussion and frame future research in this area are as follows. How do new communications and information technologies change the nature of customers' contributions to NPD? What are the boundaries of effective customer involvement in NPD set by the new technologies? How should organizations establish and govern a customer community of value creation with permeable boundaries? How should firmLS communicate their NPD or innovation objectives to VCCs? How should organizations build up a common context of experience within VCCs that would create the right conditions for knowledge socialization? How do social relationships and trust take hold in such VCCs, and what impact do such relationships have on value creation? How can conflicts, fragmentation, and other potentially negative outcomes be managed in a VCC? What strategies and measures should firms adopt to ensure that the value created by VCCs is effectively appropriated?
Before expanding on some of the more specific research implications, I offer a brief note on validating the propositions outlined here. The measurement and research design issues associated with the model presented are bound to be challenging, and given the nascent nature of the study phenomenon, I suggest a multiphase research design.
First, detailed case studies of VCCs could be conducted to collect rich descriptive data on the design and evolution of VCCs in different NPD contexts, on the organizational strategies and mechanisms deployed to support VCC operations, and on the impact of VCCs on the nature and the extent of customer value creation as well as on NPD success (e.g., on product-market fit and on NPD lead time). The case study data might bring more clarity to the theoretical constructs identified here, but, more important, the data would enable identification of the specific VCC features that reflect the implementation of the design elements outlined in the model (e.g., features that enhance the temporal structure of customer interactions). Such information will be critical for future quantitative validation of the model. Further, the case study data might also help when devising appropriate qualitative and quantitative measures for customer value creation in the various roles. In conducting these case studies, researchers should attempt to collect data from the three key entities of a VCCnamely, customers, NPD managers, and senior management. Triangulation of such data might provide valuable insights on the potential interaction effects of multiple design elements, and thereby further enrich the model. Second, at a later stage, multiple crosssectional studies could be conducted to validate specific parts of the research model. For example, a study might focus on validating the impact of VCC design features on customers' role as resource in varied NPD contexts. Given that the phenomenon of customer participation in value creation through a VCC is more widely apparent in the software industry than in any other industry, software firms might offer the most appropriate context for the preliminary set of studies. Future researchers could then focus on validating the model in other contexts. Next, I discuss' some of the research implications.
Knowledge socialization and cocreation. The virtual customer environment brings to reality the notion of "ba" (Nonaka & Konno, 1998) , which involves a shared space for emerging relationships and serves as the foundation for knowledge creation in the new network economy. As noted previously, recent work in management has linked social capital and value creation; for example, Nahapiet and Ghoshal (1998) demonstrated how structural, cognitive, and relational dimensions of social capital influence the combination and exchange of knowledge. While it is evident that a VCC emphasizes the sociological perspective on knowledge creation, future research needs to focus on how specific elements of such virtual environments impact critical aspects of the social capital (such as network ties, network configuration, shared language, trust. norms, and identification), and thereby value creation. Similarly, researchers also need to focus on identifying additional integrative mechanisms (Verona, 1999) that firms need to deploy to appropriate the benefits from such knowledge socialization.
Organizational forms for distributed NPD. Another important issue for future research relates to the organizational forms suitable for distributed innovation contexts that include VCCs. As the loci of product innovations move toward firm peripheries (with customer communities playing increasingly active roles), the appropriateness of hierarchical governance mechanisms (epitomized by traditional R&D departments) becomes questionable (Eisenhardt & Brown, 1998) . Instead, organizational forms that allow firms to retain sufficient control over key aspects of product development, without overly constrict-' ing the development environment, are called for.
Drawing from complexity and chaos theories, Sawhney and Prandelli (2000) recently offered several insights on designing organizations as complex adaptive systems, by combining market and hierarchical models, to provide the flexibility needed to leverage the varied communities of creation. Future researchers may focus on identifying and evaluating specific elements of such organizational forms and governance mechanisms that will enable firms to coordinate the complex knowledge socialization processes as well as to maintain the balance between order and chaos in a distributed innovation system.
Organizational and NPD team culture. The opportunities provided by virtual environments to involve various external entities (e.g., customers) as partners of value creation also raise important research questions regarding organizational culture and incentives. An interesting issue relates to the culture of the product development team that enables it to accept and adapt to the varied roles of the external partners. Further, given that the value creation in a VCC may impact other parts of a firm's internal value chain, the implications for the broader organizational culture also need to be studied. In short, future researchers need to examine the incentives (explicit and implicit) that firms need to implement in order to promote appropriate decisions and actions by NPD teams, as well by other organization members, to leverage customer value cocreation.
Customer-firm relationships. Virtual environments offer radically new ways for customers to contribute to value creation, but the knowledge transactions so conducted may influence the nature of relationslrips between customers and firms and lead to significantly different "psychological contracts" (Rousseau & Parks, 1993) between the two entities. In prior research scholars have explored the relationship between customer involvement and customer satisfaction. Customer involvement has been viewed as an organizational construct that embraces the number and the types of activities in which the two entities engage-over and above their regular economic transactions. It has been found that highly involved customers who are dissatisfied with the product (or the service) are likely to express greater overall dissatisfaction than customers who are less involved (Goodman et al., 1995) . Given that virtual environments enable customers to become highly involved in value creation, this raises an important research question regarding the potential interaction effects among customers' involvement, customers' evaluation about the end product or service, and customers' overall satisfaction.
Another important aspect that relates to customer-firm relationship is the selection of customer innovators. While new technologies may enable a wide range of customers to actively participate in NPD, this may not necessarily be a desirable outcome for firms, given that customers vary widely in their expertise (Christensen, 1997) . How should organizations select their cocreators? More important, what are the implications of customer attitudes toward a firm if a customer is not "permitted" to participate in the NPD process? In short, as Miller (1990) notes, the relationship between customers as means (e.g., in value creation) and customers as ends {e.g., as buyers of products) is very deceptive and must be carefully managed. Future researchers will need to identify and evaluate the various organizational mechanisms and strategies for managing the risks associated with customerfirm relationships when VCCs are deployed for value cocreation.
Intellectual property rights. Another important research issue relates to the management of intellectual property rights in a virtual customer environment. Traditionally, business organizations have been reluctant to involve customers in NPD because of the potential problems related to intellectual property rights (Winsted, 1990) . The emergence of the digital economy, with its emphasis on collective networks (such as VCC) to create value, calls for a re-examination of the manner in which economic rents from an innovation are distributed. This becomes more complex and difficult when innovative ideas are the output of a joint process, where it is difficult to discern the specific contributions of single actors (Kambil et al., 1999; Sawhney & Prandelli, 2000) . Should the intellectual property right related to an innovative idea be vested in the customer community that created the idea? If so, how should firms reconcile the need to benefit from customer participation in NPD with the need to share the economic rents from such coinnovation? Indeed, the success of a VCC critically depends on the ability of firms to allocate the economic rents from coinnovation in a manner that assures sufficient incentives for continued innovation by customers.
Other virtual communities of creation. Internet and other technologies explode the cognitive capabilities of the society and enable firms to capitalize on the vast creative potential of various external entities-that is, new technologies enable firms to reconfigure cognitive labor through the establishment of varied virtual communities of creation (Sawhney & Prandelli, 2000) . Here I have limited my focus to customers' roles in product development, but such virtual environments may facilitate value cocreation by customers in other organizational contexts (e.g., marketing), as well as by other external entities (e.g., suppliers). The specific roles will depend on the entities and the contexts involved; however, much of the design issues discussed here are likely to remain germane. In addition to identifying other design elements, future researchers may also examine how a firm can establish a holistic system to provide a coherent vision and to manage all such value cocreation facilitated by virtual environments throughout the firm's boundaries.
Practical Implications
This article also indicates several areas of action for NPD managers and other management practitioners. First, the discussion clearly implies that investments in establishing VCCs should be made only after firms clearly define the specific roles they would like their custom-ers to play in NPD. Firms need not necessarily find it either appropriate or profitable to involve their customers in all of the value creation roles described here. Opportunities for customer value cocreation have to be balanced against the cost of implementing the strategies and the organizational mechanisms needed to appropriate the value so created.
Managers also have to realize that the deployment of VCC might have various impacts on their NPD-for example, on product-market fit, on development lead time or time to market, and on development cost. More important, it also has implications for other parts of the firm's value chain. Understanding these implications and adopting appropriate measures to accommodate them are equally important.
In addition, in an earlier section I identified some of the product-and community-related incentives that firms could establish to promote customer participation in NPD. Managers need to innovate and implement a portfolio of such incentives so as to cater to customer innovators in a diverse set of NPD contexts.
Furthermore, managers also need to carefully consider and manage the various risks that the deployment of VCCs might entail. While a VCC may accelerate the product development process, it might also lead to delays, if the development process is not able to accommodate and manage the additional process uncertainties. Similarly, inappropriate use of data gathered from a VCC might lead to the development of a product based on the needs of a highly vocal and visible set of online customers-but not necessarily representative of the customer majority.
Finally, inappropriate or excessive process transparency may be detrimental to the firm's market competitiveness since it may forewarn competitors about new product developments. Hence, managers have to carefully define the level of transparency and security needed in a VCC, as well as the type of customers with whom they would like to share information.
